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at the South and Pacific plate at the Northeast. The earthquake with high intensity in this decade apart of 
causing casualties it also caused building damages in Banda Aceh City that reached 35 percent as the impact 
of Sumatra Earthquake in 2004 (Irwansyah, 2010), more than 140,000 units experienced a total damage 
caused by Yogyakarta earthquake in year 2006 (Miura et al, 2005) and more than 300,000 as an impact of 
West Sumatra in 2009 (AusAID, 2012). 
Realizing the fact that the high building damage figure as a result of earthquake and with the objectives to 
reduce casualties it is required to have an assessment method that include damages assessment on buildings 
and assessment of economic damages directly (direct assessment). The assessment method can be used as the 
base of a spatial decision support system related to the building damage hazard caused by earthquakes 
generally conducted in the assessment domain of building damage only (Alam et al, 2013; Aghataher, et al, 
2008) as well as the assessment on the building damage hazard and the impact on economic loss directly. 
(Tang  and Zhao, 2012; Motamed et al, 2014; Duzgun et al, 2011; Hashemin and Alesheikh, 2011;  Molina et 
al, 2010; Tang and Wen, 2009; Bo et al, 2009; Rosyidi et al, 2008; Yeh et al, 2006). 
The method which is used mostly by researchers to assess building damages as well as the impact on 
economic loss directly is using GIS whereas some researchers are using an integrated system such as 
integrates risk assessment tools and  SIG (Alam et al, 2013), artificial intelligent and SIG (Tang  and Zhao, 
2012; Choun and Elnashai, 2010; Tang and Weng, 2009) and also  Fuzzy-AHP and SIG (Aghataher et al, 
2008). The objective of this research is to develop an integrated approach that implements fuzzy-kohonen 
clustering network (FKCN) algorithm from the FNN model with GIS to assess the building damage hazard 
caused by earthquake and to evaluate the impact on economic loss of building damages directly using seismic 
data and building inventory in Banda Aceh. 
2. Assessment of Building Damage Hazard Caused by Earthquake 
Based on the assessment domain, in general, the earlier assessment about the building damages caused by 
earthquake is conducted to assess building damages only as conducted by Aghataher, et al , 2008 and Alam et 
al, 2013 or as a unit of assessment on the direct economic loss impact in building damages as has been 
conducted by Yeh et al, 2006; Rosyidi et al, 2008; Tang and Wen, 2009; Bo et al, 2009; Molina et al, 2010; 
Duzgun et al, 2011; Hashemin and Alesheikh, 2011;  Tang  and Zhao, 2012; Motamed et al, 2014. 
Aghataher et al, 2008 and Alam et al, 2013 researches concentrated on the assessment on only building 
damages caused by earthquakes and a spatial decision support system (SDSS) in two different cities which is 
Kelowna, Canada and Teheran in Iran, using seismic data and building inventory that is organized by 
combining the databases that has been verified with the result of filed survey. Both researchers used GIS as 
the main tool to analyze where each is combines using different methods, which is  Risk Assessment 
Integration tools (RADIUS) by Alam et al, 2013  and GIS tools is useful in the special analysis process as the 
base in an effective decision support and identifying risk area.  
In contrast to the earlier researchers,  Yeh et al, 2006; Rosyidi et al, 2008; Tang and Wen, 2009; Bo et al, 
2009; Molina et al, 2010; Duzgun et al, 2011; Hashemin and Alesheikh, 2011;  Tang  and Zhao, 2012; 
Motamed et al, 2014 conducted  assessment on building damages and assessment on the economic loss as a 
direct impact of earthquake.Taiwan Earthquake Loss Estimation System (TELES) based on GIS is developed 
by Yeh et al, 2006 to integrate several inventory data and seismic module analysis, assessment of damages 
and a module of social economic loss estimation which is a developed as an enhancement of HAZUS model 
with an additional module that allows automatic estimation of disaster scale and distributed soon after a large 
scaled earthquake incident.  TELES mode is replicated in Indonesia as IELES by Rosyidi et al, 2008 and 
implemented as a decision support and recommended to become part of a complete system to handle the 
disaster at Bantul city West Java, Indonesia. A similar model is also suggested by Bo et al, 2009 with a 
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difference on the information and decision-making support system which is developed using GIS based and 
built using GIS based and built using web format (WebGIS). 
Artificial intelligent (AI) as standalone as well as integrated with GIS is used by Tang and Wen, 2009; 
Choun and Elnashai, 2010 and Tang and A.P Zhao, 2012 to assess building damages and also calculate the the 
effect on economic loss due to building damages caused by earthquake directly. Tang and A.P Zhao, 2012 
used that methodology to develop a decision support system specifically to mitigate the risk of disaster caused 
by earthquakes. In contrast to the other two researchers, Choun and Elnashai, 2010 just used AI in specific the 
simulation of Montecarlo approach to develop an approximation method to address the issue of the 
uncertainty values of the propagation by modifying the quantile arithmetic method to minimize computation 
process.  
The latest version of the open source software SELENA (v4.1) which is to calculate the risk caused by 
earthquake is developed by Molina et al, 2010. The research is using deterministic and probabilistic model 
using near-real-time data and adopted the logic tree computation procedure. The methodology developed is 
standalone terms of analyzing especially for the calculation of certain building typology damage level and 
includes the calculation of economic loss caused by earthquake as well as the number of casualties. 
A broader factor involving the calculation of the building damage effect has been researched by Duzgun et 
al, 2011 using GIS with the additional factor of social vulnerability in addition to the building damages and 
the effect of the economic loss caused by earthquake. The method developed is an integrated model that 
considers the vulnerability of the city environment as a whole. A model based on GIS to estimate the loss 
caused by earthquake is suggested by Hashemin and Alesheikh, 2011. This model is performing 
simplification by only using basic effect of the ground shaking in an area with most active part which is 
Mosha City di Iran used as the scenario. 
3. Methodology 
This research is using two types of data which is the data to develop earthquake hazard zone that  is 
composed of the peak ground acceleration (PGA) data, lithology, and topographic zone and the building 
inventory data in Banda Aceh. The research method contains four steps which is the development of building 
damage hazard zone, the development of building inventory, assessment of building damage hazard and the 
assessment of the impact on economic loss caused by building damages. 
The building damage hazard zone caused by earthquake is developed using fuzzy kohonen clustering 
network (FKCN) as FNN algorithm for data clustering and kriging algorithm for data interpolation and 
organizing the zone. The building data is obtained from the board of regional planning and development 
BAPPEDA in Banda Aceh City, data of the year 2008 which is updated with the satellite image in 2010. The 
building data consists of 37,203 building unitsin the form of polygon and the shapefile (shp) format with the 
attribute data that consists of feature ID, shape, feature code, object name, and the area of building individual 
unit. The database is developed using relational database in a GIS desktop. 
The assessment of building damage hazard is performed using spatial analysis using a technique called 
overlay intersect polygon on polygon (Boolean Logic) between building damage hazard zone data and the 
building individual from the building inventory. Spatial intersect is the relation between spatial topology from 
the  dimensionally extended nine-intersection model (DE-9IM)  developed  Clementini et al, 1993 based on 
the model by Egenhofer and Franzosa, 1991. 
The economical effect of building damage is a direct damage loss assessment using Earthquake Disaster 
Loss Evaluation (EDLE) model as used by Yang et al, 2006.  EDLE model’s formula is as follows: 
   
                            ܮ݂ሺ݊ሻ ൌ σ σ ߣሺ݊ǡ ݏǡ ݆ሻܹሺ݊ǡ ݏǡ ݆ሻ σ ܶሺ݊ǡ ݏǡ ݇ሻܤሺݏǡ ݇ሻே௞௞ୀଵ௦௝ୀଵே௦௦ୀଵ                             (1) 
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Where Ȝ(n, s, j) is the ratio of building damage; T(n, s, k)  is the total area of the building; B(s, k) is the 
average renovation cost and W(n, s, j) is the economic effect of damage of the interior of the building per unit 
area of the building. In this research W(n, s, j) is not a factor use as the assessment or equal to 0. The average 
renovation cost of in the Province of Aceh, Indonesia, during the process of reconstruction after the 
earthquake and tsunami in 2004 is 1,4 - 1,6 million/m2 as reported on the building damage assessment and 
economical loss in accordance with the assessment report of Yogyakartaand Central Java year 2004  
(Bappenas, 2006) 
4. Result and Discussion 
4.1. Building damage hazard database 
The development of spatial database using general methods is conducted using GIS application as 
implemented in this research and also by Yang et al, 2006 and Bo et al, 2009 
Building database is used in this research consists of shapefile (shp) polygon 37,363 units of building with 
basic attributes. The building damage hazard data classes are obtained by the integration of the building 
inventory and the building damage hazard zones. The attributes of building functions is collected by 
combining feature code with the remaining which is still available in the metadata. The individual building 
area at the basic attribute is converted from the unit area in hectares (ha) to squared meter (m2) to facilitate 
analysis of the economic impact of building damages. The visualization of building damage hazard database 
on the ArcGIS ver.10 software as described in Figure 1. 
 
 
Fig. 1.Building damage hazard database on a GIS software. building units shown is segmented on the low building damage hazard zone 
(red) with associated attributes in the database 
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Yang et al, 2006 as well as Bo et al, 2009 in earlier research used the building unit data as the base and 
implementing oracle objects for OLE (OO4O) for the database attribute with  GIS Server using ArcIMS 
server. Yang et al, 2006 used the building unit data that is extracted from the satellite image. 
4.2. Assessment of building damage hazard in Banda Aceh City, Indonesia 
By using the zonation hazard data and the building inventory with intersect type spatial analysis as 
explained in the methodology, the building damage hazard in Banda Aceh and be assessed. The building 
function categories are simplified from 17 functions to 9 functions with the clustering based on the similarities 
of building functions. The analysis showed that over 97 percent of the whole building functions or includes 
36,312 units of buildings at the low building damage hazard caused by earthquake and less than 3 percent or 
includes 1,051 units on medium to high building damage hazard zones. Residential houses and commercial 
buildings, educational facilities and religious facilities are those buildings mostly in the medium to high 
building damage hazard zone with damages medium to high which is 1,039 units (3 percent) and 4 units (0,01 
percent). Details of building functions on each damage hazard level can be seen in the following Table 1.    
Table 1. Number of  building units based in functions and damage hazard level 
Building function Damage hazard Total 
Low Medium High 
Residential and Com. Buildings 35,681 854 185 36,720 
Religious Facilities 155 3 1 159 
Government Buildings 24 - - 24 
Hotel / Motel 5   5 
Educational Facilities 156 4 0  
Public Hospitals 17  2 19 
Sports Facilities 53   53 
Train Stations 2   2 
Gardens 219 2  221 
TOTAL 36,312 863 188 37,203 
4.3. Assessment of economic effect caused by  building damage 
The assessment of economic effect caused by building damages is a direct effect from the building damage 
hazard caused by earthquakes. The early steps is to compute the area of the individual units per building 
functions on each hazard zones and compute the economic effect using ESLM formula as used by Yang et al, 
2006. The analysis showed that residential area and commercial buildings are the building units with the 
largest area in the high damage hazard zone  as well as in the medium and low damage hazard zone with a 
total of 6,271,582 m2 or 94,5 percent of the whole building units areathat reside in Banda Aceh City. The area 
of each building functions on different damage level can be seen in Table 2. 
Table 2.Building units area based on building functions and damage hazard zone level 
Building Functions Area of Building on Damage Hazard Zone 
(M2) 
Grand 
Total (M2) 
Low Medium High 
Residential and Com. Buildings 6,185,403 75,735 10,444 6,271,582 
Religious Facilities 56,905 895 640 58,440 
Government Buildings 16,529 0 0 16,529 
Hotel / Motel 3,059 0 0 3,059 
Educational Facilities 65,146 1,845 0 66,990 
Public Hospitals 27,483 0 141 27,624 
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Sports Facilities 82,538 0 0 82,538 
Train Stations 543 0 0 543 
Gardens 107,113 10 0 107,124 
TOTAL  6,544,719 78,485 11,225 6,634,429 
 
Using the building units area, with the ratio of building damage hazard on each hazard level which is 0.15, 
0.25 percents and 1.0 as researched by Irwansyah, 2010 and Motamed et al, 2014 and the building renovation 
cost in Banda Aceh which published by Bappenas year 2006, therefore the total economical effect caused by 
building damages caused by earthquakes is Rp 1,518,831,150,000 (around USD 168,759,016) where Rp. 
1,472,561,775,000 is the economic impact caused by building damages on low damage hazard area, Rp. 
29,431,875,000 as the economic effect on medium damage hazard zone and Rp. 16,837,500,000 as the 
economic effect  on the high building damage hazard.
5. Conclusion  
The method of integrating FNN and GIS can be implemented in order to assess building damages caused 
by earthquake and compute the effect economical loss due to building damages directly.The result of the 
analysis showed that over 97 percents of the building functions that exists in Banda Aceh is in the low 
building damage hazard area when earthquake occurs with residential/commercial buildings and 
religious/educational facilities are the buildings mostly in the high building damage hazard area which is 3 to 
0,01 percent. The direct economical loss due to building damages caused by earthquake in Banda Aceh City 
Indonesia as research location isestimated  around 1,518,831,150,000 in Indonesia rupiah (USD 168,759,016) 
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